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"BALLISTIC RESEARCHE LABORATORIES

' MEMORANDUM REPORT NO, 1322 . .

ARWootei/bJk
Aberdeen Proving Ground, Md.
_ February 1961 :

AN ORDVAC PROGRAM FOR THE TRANSFORMATION OF GEODETIC ELLIPSOIDAL
" COORDINATES INTO. CARTESIAN COORDINATES AND VICE VERSA

ABSTRACT

The tra.nsfoma.tion of geodetic ellipsoid.al coordinates into
- Carteslan coordinates and vice versa 1s programmed for the ORDVAC
using & pseudo code - "The One Address Floating Bina.ry Double
Preclsion Code (OFBDP) !



.

: i; THE MATHEMNTICAL BASIS OF THE COORDINATE
' TRANSFORMATION

W:Lth reference to Fig. 1, the following notat:l.on for the constants
of the reference ell:l.psoid ‘becomes self-expla.natory.

Major a.xia L ta

Minor ads b . |
. - T 2 L o, )
. Becentricity’ - .. = & =izp=— =1-(p/a)" -~ :

The null.meridian is.denoted by (A)

Fig. 2 presents the 'pla.ne of the meridia.ﬁ xi-

g& e . L | o
2oy Bl=1 ' . - (2)
5 o , _
a b L .
Fui'thermore, '
5 | -
2 = cos V¥, where V is the "reduced latitude". (%)

a
From the fundamental identity
. 8in® ¥+ cos2 V=1 D o ' . (%)
and from (2) and (3) it follows that ‘

BB_.'lg'gjl_n\y ' : - | - (5)

" and again with (2), ve obtain

Sz
tan ¥ = 2 2

|m

(6)

=2

L Schmid H, Some Remarks on the FProblem of Transforming Geodet:l.c
E.Llipsoidal Coordinates into Carteslan Coordinates with the Help
of The Reduced Latitude, Ordnance Computer Research Report,
Ballistic Research La.boratories ’ A'berdeen Prov:l.ng Grou.nd, Mﬂryla.nd .
Vol. VI No. 2, 15 April 1959 .
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'FIGURE 2



~ which is convenlently writfenfby‘introducing‘ thé:geocentric latitude

7, as . . . o .
‘ tan ¥ = %- tan y. ' : 7))
S : _:ag : S : : : :
From " ten @ = —tany.. : . (8)
. - - b B : : '
follows ' tan § =2 tan ¥, . - : : (9)
- Furthermore from Fig. 2 J
: Zi - ZP' s . ' -
tan ¢ = ﬂ- . o ' 7 - - {10}

Substituting (3) end (5) into (10), we obtain with (9) end (1)

2 Z

ten ¥ - 2 sin ¥ -2 .5
| 1 L

which leads to an expression of fourth degree explicit in terms of

- tan V.

-0 @)

In order to avold a cumbersome solutlon a well known serles 1s

considered. oo . .
 tan (¥ +A%°) = tan ¥° + (1 + tan® ¥°) Av + (12)
- e +.tan V) tan ¥ AT 4 tevveneenens
~Where, ' , ' . .
Q o] . . '
vo= 3 Ay, . A . (13)
By neglecting all terms higher than first order g
' | o L oae® b Ay
tan ¥ —.sin'wo - = =
s - 5, e’§ (1)
A’tl( = - -
1 + tan® ¥° -cos ¥° 25
. ' 1
where, _ 7 S ' L
. .0 & . . . '

10



i

_ “'With the abeve derived formulas geodetic ellipsoidal eooidinates
Ican readily be converted Into geocentric Cartesian coordinates and vice
versa. The transformation here is.based on formula (9) using the re-
‘duced latitude, V. , as an auxiliary angle. Thus, fewer iterations are
required in determining the valué of A ¥° by formula (lh)'thaﬁ would be
required if eimilér expressions for & 5 cerrectioﬁs vere derived.

The second phase of coordinate transformation 1s concerned with
the transformation of the geocentric Certesian coordinates (XYZ), as
obtained in the first step, into a system of local Certesien coordinates
(xyz) a.nd vice versa. In order to obtain a high degree of flexibility
it is desirable to provide for the possibility of referring the
geocentric coordinate system to an arbitrerily chosen meridian, denoted
by (A). For a coordinate transformation to be suited for geodetic and
photogrammetric.purboses, perticular.attentiOn-should be given to the
fact that generally the position of any local point of origin will be -
glven by geodetie ellipsoidal coordinates denoted by ¢o’ ko’ HB.

By introducing (x) = A, the geocentric Cartesian system becomes
orlented in such a way that ite X-axis is .8ituated in the meridien plane
of the arbitrarily chosen point of origin of the locel Cartesian system.
During the computations, first the Cartesian geocentric coordinates of
the point of origin (XOYOZO) are computed. In case the above described
rotation (ki - lb) 1s epplied, Y = zero. Next the geocentric system
is translated parallel to itself, into the origin of the local system.
by the traneiatiOné, X Y Z . The x'y'z' - system thus obtained must
now be oriented by three additional rotations. These rotations should
be made in such a way that the orientation of the local system can be
made to be significant in terms of commonly used geodetlc parameters.
First, we'roﬁafe around the y-axis for an angle (. With Y, = zero and
= (90~ ¢0) the xy-plhnelbeeames'parallel t0 a plene tangent to the
ellipsoid at the sub-origin point. Second, we rotate around the oncé
rotated z' - axis (P - rotation). If the xy-plane is tangent to the
ellipsoid at the sub~origin point, this step corresponds to the con-
ventional azimuth rotation. The third rotetion, denoted by 7, 1is

11



executed around the twlce rotated x' - axis. In most geodetic
problems y will equal zero. The.necessary computations, described
above are made by the followling Vell known formulas which tra.nsfgr '

one set of Cartesian coordinates into another:
A. Direct Tranéfomaﬁion._
X, =+ xi-(cqs a cos B)
+y (stnp)
i-(sin;q cos Bj
Yy =+ X (sin @ sin 7 - cos @ sin B cos 75
+ ¥} (éos B cos %) .
+ z'-(cos:a sin y + sin @ sin B cos 7)
2, =+ x} (sin'a cos ¥ + cos @ sin B sin )
- ¥] (cos B sin 7)
+ 2} (cos.a cos 7 - sin @ sin B sin 7)
B. Inverse Transformﬁtioﬁ.
i' . + X, (coé'q cos B)
+Yy (sin @ sin 7 - cos @ sin B cos 7)

+z, (sin @ c0s 7 + cos @ sin B sin 7) -

, (sin B)

'—:<-
[}
+
tad

+ ¥y (cos B cos 7)
-2, (cos B sin 7)
z! = -« x, (sin cos B)
+yy; (cos @ s1n 7 + sin @ sin B cos 7)

+ Z (cos_a cds_r - sin @ sin B sin y)

12



"II. FORMULAS USED IN THE PROGRAMMING PHASE
A, 1., Direct Transformation

. 8. Given: The ellipsoidal coordinates of the point of origin O
(¢O,XO,E0) and I, (ﬁi,li,Hi) wpere.;ongitudes,lo'and ), are referred
to the null meridian denoted by (x)o. '

b. Compute the Cartesian geocentric coordinates (Xb,Yb,ZO) and .

X,,Y,,%,, whereby the + X-axis passes through the point § = 0, A = (1)

and the + Z-axis passes through the point @ = + 90°,

(1) From (9) ten ¥ =2 tan ¢ . . a6)
(3) 5, = a cos ¥ . ' | (17)
(5) Z,=bsin ¥ ' (18)

(2) From Fig. 2

8, = SP + ﬁ cos @ ., ' | tl9)
X =8, cos [ii - (}i] ’ (20)
Y, =5, sin ]:xi - (V] | (21)
Zy =L, +Hsin§ . _ (22)

Ce _Transform.the.Cartesian'gedcentric coofdinates xi’Yi’Zi to

locel Carteslan coordinates Xy9¥ys2ge

(1) Translations

x{ =X -X

174 - % | (23)
vi=Y, - Y ' (2h)
z) =2Z; -Z (25)
(2) Rotations
'xi =+ x} (cos @ cos B) (26)
+y! (sin B)
-z} (sina cos B)

15



¥, = +_Xi.(sin @ sin y - cos @ sin B cos’ 7) (27)
+ v} (cos B cos 7) |
o+ zi (oos'd_sin 7y + sin @ sin B cos-r)
'z, = +x' (sin @ cos ¥ + cos @ &in B sin y) (28)
-y (cos B sin y)

+ 2! (cos @ cos y - sin & sin B,éin y)

[

2. Inverse Trohsformation.
2. Given: The locel Cartesian coordinates of point I (xi;yi,z )
and the Carteslan geocentric coordinates of the corresponding point of

origin 0 (X ,Y , )

b. Transform the local Cartesian coordinates xi,yi,zi into Cartesian

geocentric coordinates xi’fi’zi'
(i) .Rotations
| - x} s+ x (cos a cos B) . _ (29)
(sin @ oin 7 - cos @ sin B cos 7)
4z (sin & cos y + eas @ sin B sin 7)
y; = +x, (sin B) (30}
+lyi (cos B cos 7) o
- zy (cos B sin y) =
zi = - x, (sin @ cos B) o | (31) ::
| + ¥y (cos @ sin y + sin @ sin B cos )

(cos @ cos y - sin & sin B sin 7)

14



(2) Trenslations

= ]
Xi-xi
- t
=y
ot
Zi‘?i

+X
Q

+Y -

(o]

+ Z

o -

(32)
(33)

(34)

¢. ' Compute the corresponding ellipsoidal coordinates Byohi By

From Fig. 2
. Yi
tan A?\. = i——
_ and b, = (A) + &
Furthermore, ‘ 1
s, = (X2 + ¥°)3
. i i i
From (15) 7
(o) 1 .8
tan ¥ = 5- T
1
From (1hk) .
’ o) .40 &ae b 1
0' t&n\l"-sin*g;-'ach
A = -
1+ ta.newlfo cos ¥° .-E-?-
1
From (13) .
. V=¥ ey
From (9). S
- . &
| tan §, = ten ¥ . =
From Fig. 2 - ’
) ) S, -acos V¥
1
H cos P,
' i

.. 15

(35)
(%6)

(37)

(38)

(39)

(0)

(41)

(42)
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PRI MR, R N

. 1 ,.l
.3 :

READ

_INVERSE TRANSFORMATION

-~ S A R

&

14 .
REAC o, 8,7, (A)
COMPUTE
SIN-C0$

SET Sl (+}, §2 (+) i

.. 40
YES | NEXT
> CASE ? '
Rir¥ieZio. \
] 69 . )
a2 Kj =+ x| (COS a COS B)
Yo — X +yi{SIN 0 SIN 7-C0S5 0 SIN B OS5 7)

~r

Yo=Y | o 43 _ .
¢ Zo—1 =) {si? (

, *Zi(SIN a COSY+C050 SINB SIN 7}
yi=+xi ({SIN B) -
+y; (COS B Cos 7)

5|

IF X AND Y=0,
SET g, Ag OR

$1y M= 0, Hy
OR Hjes=a AND
PRINT

SET , -ziimw SiIN 7;1
zia-xj{SINO
SleeL3 3 te) i +;|' (.gosap g?usr]-h SiNa SIN B Cos 7)
+2,{COSa COSY - SINa.SINB SIN 7)
70A 70 2w
I]_"‘R Xi'!'i*'xo
43 Yi—'Y Yicyi + Yo
-0 of 2j—1 Zi=2i + 2
4 < 47 49
[SET 831=) o=-X g o7 ErETHL 0-Y2o?|—
46 A - 48 < 50 >
{ TAN ks Yy ] w4+ e AN Y—a)|
52 :
S:(xEe v I V2
Tmhl-'-—}-"f.
Yo TaN gt
53 '] 55
- . 982 o b 2 54 TAN ¢ * TAN y + V/
|+ TAN® §°*=c05 ¥°. g2 - TAN AXe Y7 -
L ALY Ad S _ AX=TANT AX
56 ¢ S
TAN ¢*
vt =Tan! ¢

2

.-



DIRECT TRANSFORMATION |

22
¢ -6 ;'

. 18 A
VES { NEXT NO . [ ¢HECK -
" |eASE? " JIRw2 e :
g SO . .
£ % ¢ & 0=
17 B R o
REAO < 23 ¢
$o, koi Ho | SIN ¢, cos ¢,
- OR TAN ¢, .
$is M. Hj SIN AX, COS AA
86 24 -
PRINT TAN ¢l=TAN ¢.
Xo, Yo, 2o, Id.|-
PRINT BLANK . 25 y
, T Sp=a COS ¥
2;_"‘0 o 26 Zp =h SIN ¢
Y=Yq fe——JS27je——f S *pTHCS ¢
2—2, e X =5 COSAX
¥ =8 SIN AX
{+) Z s Zp+rHSING
28 208 ¢ 29 .
PRINT X—X; xteX;~ Xo
Xis Yia 2, id. Y —Yj HieYi~ Y,
1 Z—2Zj 12~ 2o
30
l|""l:| (cos a cos A1)
+yi LSIN 8)
-2] {(SINaCcOSA) "
yj* +%| (SIN a SIN ¥-COS a SIN A COS ¥)
+y] {C0$ A cosY) )
+2] (COSa SINY+SINaSIN 8 COS 7)
7+ +x| (SIN . COSY +COSaSIN B SIN 7)
-yj (cos B BiNY)
+2j (C0S a COS ¥ - SINa SiN 8 SIN Y)

OPTION:

READ:
a, b, X1, £.1, WEIGHTS
¥
PRINT: S
i, ¥js Zi, WEIGHTS, PT. TYPE, PT #



) " V. THE CODE
A, PROGRAM Co UL AR

"he One Address Floating Binary Double P_reéision- (oFBDP)"
devised by Lloyd Cempbell," Computing.laboratory, Ballistic Research
Laboratories, was applied to this problem, " Instruction on the use
of the code may be found in ERL Report No: 997, October 1956,
"Programming end Codihg for ORIVAC', by . Tadeusz Leser and Michael
Romenelli, ‘ '

27



ADDRESS

DESCRIPTION -

Rlg

QUENCE (!0DE ORDER INDEX -

1. KH0600 600 | +600 . “Enter OFB
2 NOOOLO U OFB : o '
.3 - NNOGOL 601 - U 13.1 -

A4 o 60veFs - M 2Fs A

.5 KBOT8Y |~ 602" + B2 _ ‘
.6 6002FN . - - M 2FN Unused
g  NNOROL - 603 - fU 15.1

.. B . SNo262 ‘ ¢ IBMC N _ :

13.1 000783 604 T + W2 Read a,b, + .1, + .1
.2 SNO262 ! * IBMC - T
.3 NNOTOK 605 U 87.1 . ,

R SNO2FJ U* _IBMC T | Unused
.5 . NNOTOO 600 U 03.1 J T

1%.1 L4004 ISA C A
) 000754 607 f + W3
] SNO262 1 IBMC
N 000 TFO 608 f + T0
.5 6807TNO Px X1 -

.6 100730 609 ™MPL , -
.7 0007F1 : f+TL Read a, B, 7, (A ) in
B - BBO(NL 60K f x K2 e "
.9 FNO7J0 £ +IMP1 degrees, minutes,

.10 000 F2 608 - F + T2 . S .
.11 680TN2 . : f x X3 seconds. .Convert to-
12 TNOTJ0 60N T{+)MP1 T
.13 O00TJO f + Pl radians. Compute
14 00GTJ0 60 T + Pl ,

. .15 .8NO1L1, * sin-cos s5in and cos..
.16 101731 . 60F ™ P2 1 0

.17 000017 £ + 0L7
.18 101732 “60L M P5 ]
.1 F81001 IIA !

'1T.’22—f—6"(0 01607 - 610 e 1k.7 140

.21 640TNK _fl-1C3 -
.00 1007Ng 6Ll ™ 51 Set S1(-)
.23 640TNK fl-[C3 s

.2k 1007NF 612 M 82 Set 82(-)

ls.l OOOTNK i f+ 05
2 ZN0RGN ~ bI3. T Io.1 20
.3 - NNo61h U 38,1 : >0

7B.1 000TN9 61k £+ C2 )

.2 T80TNS £ sCL

.3 100737 015 . M PS 2
4 68077 f x P8 (b/a)
.5 100731 616 . fM P8

.6 000TN3 £ + Kb

o8

i



SEQUENCE - CODE

DESCRIPTION

29

ADDRESS . INDEX
38T o¥o7J7  617. - f(-)P8 ' ‘5 "~ A
.8 100737 . M P8 e -1 - (b/a
9.1 000784 618 f + W5 ~Read Xo, Yo, Zo, or
.2 SNoeé2 .. U IBMC i s L T
40,1 OO0, 619 f + TH 5
.2 LNOGIK - forh1.1 ZzZ°
.3 NNOBO 61K U 13.1 5
b1.1 000TNS £ + 81 <
2 2NOo TN 618 € 69.1 Test S1
42,1 FLOTNK fi+iC3
2 —1007NS [5K]] ™M S1 Set 81 (+) .
" T 1007NL . M 83 Set 83 (+)
B> 341005 617 1SA ) Xo— X3
.5 001TFO f+ TO 1 Yo —Y -
6 TOL (KO B1F TM Do 1 Zo —3 21
LT ~ L0161J , IfC' 42.5 1V
51 30010 = 6iL OM T16 N
.2 000TFO £ +T0
.3 OLOTLO ~ . 620 f(-)T16
A LNOA22 £C' 45.1
- TG Y BEOTNK 62l fi-1C3
.2 1007NL M 83 Set 83 (-)
T3 INO628 622 U 46.1 ‘
k5.3 000TLO £+ M6
.2 OLOTFO 623 £(~)T0 .
5] LNo624 £C' 47,1 _
A 1NO628 62l FUT k6.1 Test for quadrant of
b7 Q0QTFL - £+ Tl O\ angle
3 LNo626 _ N
Wk - DBNOB2N 626 TU 8.1
49,1 000TLO £ + T16
.2 OWO(FL 621 F(~JT1
.3 2NO63) £C ol.1
. TN 628 U 50:. 1 y
46.1 - 00OTF _ £ + T1
T2 T 180TFO 629 T « TO T
" W3  100TLF M P18 ten A = /X -
N 000 LY G2k T + P18
v © SNO3ND U* arctan -
.6 100(LF 629 M P18 v
T NNO636 fU 52.1



SEQUENCE - CODE ADDRESS ORDER INDEX DESCRIPTION

. B3 000 N5 62N f + Kb N
.2 T8OTNT .. f > K8 o
. i 128713 62 Pg <+ X
A  NROTNS £(+) 2
.5 1007LF 62F M P18
.6 NNO636 - fU 52.1.° ¥
0.1 - OO0 N5 62, - f + Kb N
.2 T80T - . £ K8 :
.3 10071LF - 630 ™ P18 n
5 NNO636 ' fU 52,1 v 2
Bl §43002 631. ISA 3
T2 _300TFO - OM_TO
] 200751 [ oM T1 ~ K
b 3007F2 ~ M Te If X and Y = 0, set
2 o T o Poy %os o B, 3y = o,
T 00078k 3an T + W5 _ “H_ or E; = -a and
8 SNO2FJ . . U*IBR 0
v - _ _ . ~print..
.9 LO3631L - 635  IfC' 51.1 35 v
- ,10 NNOTO2 - ¢ 84,1 LA
52,1 Q0O TFO 636 £ + T0
2 - 68ofFo_ - f x TO
] 100708 = 637 fM P9 . s
A ooo:gl- S £+ T3 :
) 680 F1 . 630 fxT1 1/2 -,
6. FNOTJ8 . £(+)M P9 5= (€ + )M |
or T000(J8 639 f + P9 I
.8  sNo22g . ... . vV
9 . 1007J8 - 63K “fM P9 J
.10 000TF2 £+ T2 N
) 00(Jo = 638  f ¢+ P9
.12 1007 " . fM PO
.13 000 — 638 . f +C1 O_%Z &
_ Ak 78omg £ 202 tan ¥"=3-3%
.15 08079 63J f x P1O
- 16 - -1007JS-- .M P2
AT 000TJS - B3F f + P12
- ,18 - SNO3NO . : - . U* arctan
.19  100(JN 63L M P15 P
__+20 100TIN - M P13 '
531 000TJN -~ 640 f + P15 . -
2 SNO1L1 Pgin~cos _
.3 - -~ 1007JJ - OBl = fM pik sin v°
oA 00001.7 £ +017 ST



R

B -‘"ft
i
p*

BT

SEQUENCE" - CODE ADDRESS ORDER INDEX - DESCRIPTION . .

555 1007JF ~ 6h2 - M P15 " cos ¥°
.6 " Q00TNE - _ £ +CL A S
T bB0TJ] 643 ~ £ x PO
.8 780778 f £ P9
.9 ~1007F6  OE% ™ To
.10 000TN9 £+C2
.11 [80/N8 b5 T s CL
.12 100TF7_ fM TT
13 O00TNS [ T + Gl
.1k T780TNG - f $C2
) 1007JK o4y M P11
.16 0007Jk f + P15
L7 GE0FD b8 £ x 16 0. . :
.18 " 1007F9 M T9 ' Aw:o ae o b 7.
.19 000735 6I9 T + P12  tan V- = sin V- Zox
.20 680778 £ x P12 - ) o ae”
21 NBOTN3 . GEK F(+)Kb 1+ tan V¥ -cos ¥ .5~
.22 O4OTF9 - £(-)T9 : _
.23 100719 BLS. ™ 19
2k 000TF6 . f + T6
25 e80TI OUN f x Plh
.26 _1007FK M T10
2 000 (F T BhJ T+ T7
.28 . 6807J9 - f£xPlo
.29 1001FS BLF ™ T11
.30 24%07J8 f - P12
T.31L  NBOTFK 6LL T(+)T10
.32 NLOTFS , £(+)T21
.33 TOOTF9 650 £:79 o
.3k 1007JL . - fM P16 ~a ¥
35 000TJIN 651 f + P13 .0 0
36 NOTIL __p(+) P16 Tv=v"+a¥
.37 1007JN 652 ™ P15 J
.38 NNO655 _ . fU 56.1 .
5h.1 FROTJL 655 FI+H P16
2 ouo7Nh . £(-)K5
5 2ROOLO 5510 IC 53.1
b . NNO65S. fU 55.1
56.1 . O0O0TJN 655 T + P13
_ .2 SNO1L1 ™ sin-cos
. BE 1007JJ 656 M P1i sin ¥
A 000017 £ +017
.5 1007JF 657 M P15 cos ¥
6 Q00TJJ _ f + P14

31



CODE

ADDRESS

_J0OTFK - -

SEQUENCE ODE _ ORDER " INDEX DESCRIPTION
6.7 TEOTJF £58 f ¢ P15
.8 100735 - _fM P12 tan y
.9 ~ 0007J5 559 f + P12 .
.10 SNO3NO _I_J_* arctan
11 100 7JN 65K IM P15 v
12 '~ NNO653 fU 54,1 - L
55.1 . 0007J8 658 T + P12
2 6807JK - £ x P11 .
3 1007J5 65N fM P12 tan § = tan ¥ . =
b 0007JS. . . £ + P12 . B
5. . . 0001Js.  ©bJ T +Pl2 .
.6 . SNO3NO ' *_arctan
i 100 (FF 65F ™ T1h 5
.8 O00TFL. .. P+ T
.9 T80 FO 6oL ~ T+ TO R i
210 . 1007PN . oM T12 tan & = ¢
S 5 T OOO(FN 660 T + Ti2
- SNO3NO, L . U¥. arctan
.13 1007LF 661 M P18 o
57.1 O00TNL . ... £ +.83
- INOGOR 262 7 59.1
.3 NNOG63 . . fy 58.1
53.1 OCOTLF - 663 f + P18
2. NAOTHS S {C3)-
3 1007LF - obh “tM P18 T+ O
59.1 0007J0 , f + P1
.2 NAYOTLF 065 . £(+)P1O
C 3 1007FL fM T15 (M) + & =)
60.1 000TFF 666 P+ T14
Y- SNOAL1 iy * gin-cos
B I 000017 . 667 T + 01T
A 100TFR ) M T12 cos @ -
05 2507RG 668 . 't - C1 /]\ -
6 _680TIF_ £ x P13 : :
N NEO I8 (33} (+)P9 8 - a cos ¥
.8 . _TBOTFN: £ 712 B=-p
.9 . 1007F3 G6K ™ T3 TN
2107 . hhaoo2 | . , ISA 1A
61.1 COLTFF . 665 T + T1F. 1
.2 .780TNO. . - f: Kl
.3 . 1OL(FF. GON M T14 1
S - Q00TNE . £ + K7
~5 BCONG ~ 6bdJ £fx X/
L6 M TO




SEQUENCE CODE

DESCRTPTION

25 .

ADDRESS INDEX
61.7 ~ BB1TFF - B66F £ x Tis . 17
.8 ~ 100TFS _ fM T11
.9 ~ 300(F0 BOL OM TO
.10 300TF1 OM.T1
62.1 . 0007Fs . 6710, T + T1l
.2 QROTFK £(-)T10
62.5  100(¥S 671 ™ T11
4 LNO6T2 fC' 64.1
5 NNOBLS LY TU 81.1
S 6h.1 000% _ £ +,T%
2 WEO Y] {+) K
.3 1007TFO M TO Convert §, X,
N NNOBTO Y U 62.1 or §,, h, to degrees,
C63.1 " Q0OTFS f + T11 minutes and seconds ,
2 OUOTIG Y (-] . K( :
.3 1007FS M T11
g oNOBTT Y TC 65.1
.5 KNO6T9 : U 66.1 "
B5.1 000 L Y T + T1
SR N4OTN3 £{+)Kh
.5 1007F1 678 ™ T1
A 1NO6TA o fU' .63.1
66.1 NLOTNG 679 T(+)KT
W2 1007F2 ™ T2 WV '
67.1 0000k Y4 T + W3 A Print ﬁ'fb, A, E
22 SNOZFJ - . UXIBMR or B,,°0, 0, ©
08.1 F01665 R IfC 61.1 1 |
.2 NNQTO2 - fu 84.1 A
60.1 240792 61N T-p3
.2 680733 f x P4
.3 6807Jd6  .01J f x P{
A4 1007FK M T10
.5 0007J1 [Xi3 T + P35
.6 680715 ' fxP6 .
— .1 FRO[FK 6TL F(+)MT10
.8 000TF1 £+ T1
E] BO0TFK 680 T x T10 _
.10 100TFK M T10 . _
. 64 . P+ P
R R % = %,(cos & cos p)
.13 680TFO 602 f x TO + yi(s:ln ¢ sin y-cos &
.14 FNOTFK P(+)MI'10 - 8in B cos 7)
.15 1NOOLN 685, - fU'69A.1 +_z1(ain' C cos y + cos
.16 WhO L1 £(+)T17 @ g8in 8 ein y)



CODE

DESCRIPTION

- SEQUENCE . ADDRESS ° ORDER INDEX
9.17 G802 68k T x 12 ,
. .,18 . FNOTEK . £(+)MMO - W
.10 Aoy i 685 f-5 n~
.20 _-.6807I5 £ x pb6
- .21 GBOre 686 fxTe
.22 1007FS M T11
.25 0007J4 687 f + 5 T
2k 680736 . tx Y = *4(8in B)-
.25 GHOTFL - 688~ f x T1 +y,(cos B cos 7).
.26 . FNOTFS £(4+)MT11 '
. Tweeq - 000433 . B89 - f + P& ! -z, (cos B 8In 7)
.28 68TFO ... . . £xTO_ : .
.29 . FNOTFS--.. 6CK F(+)MI1L N2
- 30 240TFQ f - T0 4
.31 - 680141 688 " f X P2
Ll B BBOTIM f X P5
.53 100(FN 68N M T12
34 . 0007J1 ... f + P2
35 6807J5° - 68J f x Ph
C W36 6BOTI6 - P x PT '
A7 “1007FJ 68F ™ T13
.38 100772 f +P3
39 680705 . 68L T x P6 g
s BQ FNOTFJ £{+)MT13
JRIST 000FL - . 690 T +T1
Jh2 - 680TFJ .. £ x T13 _
A3 FNO(FN 691 f£(+)MT12 . - e
13; ; 2&0731. g —1,(_)1,2 zi = -xi(sin.a cos B)
RS 680(J5 092 ~f x Ph + y . {cos @ sin y +
46 680775 f x P6 8In @ sin B cos.7)
Ry 1007F 693 ™ T3 " -+ 2,(COB &_cos 7 -
48 000772 - £ + P3 sin @ sin B sin 7)
~59 . 68036 . Bk fx Pl ,
___.50 ___ FNOTFJ £{+)MI13
S .3 0007Fg 895 £+ T3
_ .52 - 6807F2 £ x T2
" T.5%  FNOTFN 696 T{+)MI13 N2 o
- TJ0.1. ooo%'x . £+ T10 ;
.2 . _RNRO(RKO - 607 T{+)D0 . N
L3 1007FO " M TO L =xi+L,—> X
R 000(FS . = 695 f + T1 :
L5 T NMBOTKL - _f(+)m . _
.67 - 1007F1 ' 699 T IM T1 -
T O0QTFN £+ T12 Y:I. & y!l + Yo > 1
Zh



SEQUENCE

__ CODE ___ADDRESS _ DESCRIPTION
70,8 NEOTKZ - 69K Fl+)D2 o T
9 1007F2 £ T2 By =gt 20
.10 NNOBIL 695 fU 43,1 - '
Al NNO611, fU 43.1
16.1 LE2002 6ON . ISA
.2 Q00784 . - £ + W3 L
17.1 00078k 69J T + W5 Read § , A , H_or
.2 SNo262 U IRMC oo o
' Bys s By
17,3 0007FO “B9F F + TO Y
Ao 6807NO - fxx
D 1027KD 6oL - M DO
.6 000TF . f£+D1
T - ©O0TNL 6KO fx X2
.8 FNRTKO . £{+) MDO
'20 2088'?1\"2? oK1 g ; X3 Convert angles to rediens
11 FN2TKO  BKZ T (+)MDO
12 00QTF3 - _ £ + T3
135 000TF% bK3 T + 13
. 1h 1007K2 ™ D2
15 O00TFH bK% © f + T%
.16 1007K3 M D3 V.
18.1 O00TFL BK5  + Th )
.2 4NO6K6 £C'18s.1 Next case?
.5 NNOGOL ~~ GRO TU 13.1
8a.1 FO269J _ IfC 17.1
g .1 000 KL OK7 T + D1
__.2 0k07J0 : £(-)P1
i) 100710 KD M T10 o
20.1 Q007N3 _ f + Kk ™
2 NEOTN 5 ©K9 T+ K&
.3 100TFK . . M T10
W 0007TNS BKK T + K6
5 TBOTFK . £ :T10 ,
.6 1007FK 6KS . M T10 Test for
T - 0007TKO : f + DO gz =
, -2
.8 OLOTFK “OKN F({-)T10
.9 LNOGK.T 3 £0121.1
.10 NNOGSL BEJ - U 25.1
21.1 000 TFK : F + T10
-] — OBOTKD 6KF F(=)D0
.3 4 NO6KL £0122,1

25



SEQUENCE  CODE = ADDRESS ORDER  INDEX © DESCRIPTION

21k NNOBS1 BKL . U 23.1 T
22.1 :0007KO P + DO . P,
T2 OBOTSL 650 (- JKO p : R
.3 . 1007KO ._fM DO L
23.1 000TKO . 681 f + DO
.2 SNO1L1 . * pin-cos - '
3 - 1007d7 652 M PC : ' sin g
N . 000017 . £ +017
5 1007J8 653 ™ PG P
.6 - 0007J7 £ + P8 S
S TB07JC 65k £ s PS
.8 1007J9 - fM P10 tan §
.9 000TLO 655 ~f + 116
.10 . SNO1L1 1% sin-cos
L1 100TJK 536 ™ PLL ' :
A2 000017 - P 401] il
13 100709 657 M P12
2k.1 00OTNG £+ 02 cos &
2 TBOTNG 6sB f 4 Cl
.3 . 680739 . £ x P10 . .
R "1007FN B5G ™ 112 . S 5.
.5 . 100TEN M T2 fan ySitanip . o
.6 OOO(FN 65K T + T12
i SNO3NO P arctan .
: T00TFN (S "M Ti2 v
.9 O0OTFN P o+ T2 ;
.10 O00(FN GSN f + T12
.11 SNO1L1 L U* gin-cos
.12 10071 (Y] IM P13 BIn ¥V
.13 000017 - P 4 01T :
© L1h 1007dJ oSF ™ P1& _cos ¥
. A5 100737 £M P14
25.1 00QTN8 . 68L  f + C1
2 680713 - exPIlk .
B 1007FK. ONO ™ T10 D 5 = a cos ¥
" 000TNS _ £ 402 SR
.5 BBOTJIN BNl T x P13 Z =0 eio ¥
.6 1007FS M P11 : P
' o.i OOOTE . _6@ f + D2
.8 68078 o £x%P9
.9 FNOFK b3 T + ML10 ~ '
.10 0007K2 _ £ + D2 § = 8, + Hcos §
11 “6B07aT oI "t x B8 . ~
.12 . FNOTFS £ + MTI1 Z'Zp+ﬂsi’.1¢

36



SEQUENCE

ADDRESS

. DESCRIPTION -

CODE ORDER  INDEX
25.1% O00TFK 6N T + T10 .
J14 . 680738 - : P x P12 ‘
- T I 100(FN BN M Ti2 ~ —
.16 O00TFK £ + T10 e 5 o8 A
.17 680K . 6N[. T x Pil e
.18 100TFT . M T13 ¥ =35 sin &
26,1 OOOINF  BNG f + 52 :
.2 2NO6J1 £¢ 29,1 Test S2
] 1NOoN9 ON9 £U'27.1
27.1 00OTFN _ £+ T12
2 1007KS "O6NK @ fM D5
.3 1007FO_ £M 10 I— %,
N 000 TFd  BhS T + T12 |
.5 1007K6 ' fM D6
6 1007FL 608 M T1 ' _
T O0OTFS - £ + T11 Iy,
R 1007K[ Bhg ™™ D]
9 looTF2 . M2 & L,
> 10 RO 706 (5513 U 56,1
A1 1007NF _ fM 82
8.1 000 (5% ONL T + W2 '
.2 sno.;_(FJ C U*IEMR Priot x,, ¥y, 2y, 14,
.3 "~ NNOOON BJ0 - U 16.1
E_.h NNO69N _ fU 16.1
9.1 GOOTFN BI1 P + T12
.2 - ObOTKS £(-)D5 X2 X =X 7 X
~ .3 1007KS BI2 M D8
. OO 63% F(-)D ~ .
.6 1007K9 _£M D9 yp= ¥4 -t 7Y
7 000 [FS 3% T + T11
.8 OLOTKT £(-)D7
9 T00TRE 605 M D10 o2 -7 z
_ .10 1007TKK . - £M D10 - 1% ~Z,—
1 00072 B T + 73 ‘
50.2 680774 £ x P; . % = xj(cos & cos B)
3 oO0TKE 637 T x DY ¥ J(s15 B )
B 1007TFO | £ TO - 2l(sin @ cos B )
.5 goo'rJ"5 “~6J8 f + D& :
o FNOTFO 679 T(+) MTO W
8 2h07JL f - P2 i

37



INDEX

SEQUENGE. CODE . ADDRESS -  ORDER DESCRIPTION
30.9° 680K TEIK f x P> :
"o - 6BOTKK. - . . - £ x DO
Ol FNOTFO . - 6JS £+ )MTO
.12 '0007J2 . £ + B3 )
.13 0807J3  6JN f x P
.14 680736 _. £ x PT
.15 1007FL 6JJ M T1
.16 Q007J1 £ +P
17 6805 . 6JF f x PO
. .18 O4OTFL - £(-)T1
19 - 68O(R8-- . &JL f x D8
.20 1007F1 . ™M T1.
.21 000TJI% bFO £+ P5
.22 . 680736 B £ x PT , . .
0% "680TKS F1 f x D9 = xi(sin @ sin y
.24 FNOTF1 f x MT1
25 - 0007J1 oF2 T+ P2 -cos @ sin B cos 7)
.26 -6807J3 ~ , f x P4 : :
.27 6807J6 6F> f x P[ + yj(cos B cos 7)
.28 100710 ™ T16 i .
. . + zi(cos a sin'y +
_ . . sin @ sin B cos 7)
.29 - 0Q00(J2 OFk f +r> '
.30 68015 _ f x P6
.31 NEOTLO oF5 T(+)116
.32 6807KK £ x D10
.35 - FNOTFL 6F6 T+ ML1 N/,
34 0007J2 f +P3 A
.3  6B07J3 OF7 T x Ph '
5 1007L) GFD M T16
- 38 0007JL _ f + P2
) 680776 6F9 T x P{ —
0 NAOTLO ) £(+)T16 z) = x;(s1n & cos 7
Celtl 680TKS OoFK f x DS | + cos @ sin B sin 7)
o 1007F2 . M T2 - yi(cos B sin 7)
G teerap) OFG T+ + 2'(cos @ cos ¥
.. Jhh 6807J5 £ x P6 -sin @ sin B sin )
R 1007L0" BFN M 116
. .h6. . 2hOTKI o f - D9 ’
57 GB0TLO GFJ T x T16
- .48 FNOTF2 £ + M2
L49 - 0007J1 OFF f + P2
.50 6807 - f x Ph
.51 6807I5 "OFL f x PO
52 100710

. M T16



‘CODE -

ORDER  TNDEX

29

SEQUENCE " ADDRESS . - DESCRIPTION
- 30.5% 0007Je . 6L0 - f + P35
.54 . 680736 - . - f x PT
.55 OLO(LO ~ BL1 T(-)T16
.56 680TKK f x D1O
5T FNO(F2 . . BL2 T(+)MI2 —
58" NNO6NL ___ fu=28a na
80.1 0007F% ~ 6L3 T +Th
2 1007F5 M T5
.3 1007FS GLL M T1l
g 000TNK - £ +C3
.5 1007FL 6L5 - ™ Th
6 1007FK fM T10
o7 300 7% 6Lb M T9 -
.8 443003 TSA 3 Unused
.G 0C0TN3 6L T + Kb ,
.10 1037F6 _fM 16 b
A1 FO3BL( 618 IfC 80.9 T
.12 ‘000785 . f o+ Wh :
.13 000785 BL9 T + Wh
Ak SNO2FJ U TBMR .
.15 NNOBIN 6LK TU 16.1
.16 NNO6IN fU 16.1 J
81.1 NAOTFK 615 T(+)T10 - )
2 1007FS M T11 ¢ - %600
3 INOG T BLN U 63,1 f .
694.1 0007J2 _ f +P3
.2 68075 6LJ T x P4
.3 6807J f x Pb Part of Box 69
RN 10077L1 OLF ™ T17
.5 000TJL £ + P2
) 6807736 BLL f x P
85.1 “BLOTNK 700 T[-] C> , -
o2 100TNN M Sk Set 4(-)
] 180606 701 fu' 14.6 E
4 INOGO6 - fU' 14.6
ol 1 OO0OTRN 102 £+ Sk :
.2 2N0618 : . £C Q.1 Test Sk
.3 1INGTO3 703 £U' 85.1 T
85.1 FLOTNK £ +C3
.2 100TNN TOI ™ ok
.3 _SNO2LL U*24L, Print blank
R NNoB1S .~ (05 U 39.1 -
5 NNO618 £U 39.1



SEQUENCE . CODE = ADDRESS ORDER  INDEX . DESCRIPTION

86.1 - FLOTNK o6 . f + C5 .

2 © 1007NK B M 52 B

. lsh i - '

i ' gl?lggFJ 707' U*+'I§’IR Print JI[o’ Yo_’ .Zo’ 14,
5 00078, 708, T + W5 T

6 JSNo2WL . .. U 2k Pript blank

T NNO69N - 709 .  f£U 16.1 - ' :

.8 NNO69N . ;. FUC16,1

87.1 2LO7NS TOK f£-Ch
2 WNOTOT | £0'89.1 20

88.1 KBOT780 705 + Bl . N .

: Set fleld words for
.2 6003SF 3 o Mr | 10 atatt |
3 80781 TON 0+ B R Floating decimal
b 6003SL . M3SL  output (.s:Lo-sa).
L NNOT10 04 “fU 90.1 :

89.1 KBOT86 - ! N _Set Field words
2 B003SF . [OF M 3SF ' for § diglit .

.3 K80787 : +B5 - { floating decimal
Ny 6003SL. . TOL M 3SL v output (88-52)
.5 NNOT10 U 90.1 :

90.1- 000783 - T10 £+ W2 . I
.2 SNe2FJ U*IBMR | Print a,b, + .1,+ .1
3 WWO700 - T1L 0 83.1 . . T—
b , y :

NNOTOO _ _ U 83.1

" Lo .



- SEQUENCE -

CODE

ADDRESS

B. QOPTION

q - ORDER - INDEX . DESCRIPTION
600300 - Key ' : - o
200711 - e word
90.3 ~ NNOTL17 T1l fUu 9l1.11
.k NNOTL1T £U 92,11
91.1 O00TF% 712 £+ T : T
.2 1007K3 L M D3 ‘Point number
] 1007F5 T135 - M TH Point number
<& 00QT8K _ f + W7 R
.5 T007F5 ik M T3 Welghting factor.
.6 FLOTNK £ +C3 .
B 1007k 15 ™M Th Foint type
.8 Q00TK3 £ + D3 : _
.9 LNObKb 710 IC' 140A.1
.10 . NNO6OL ' U 13.1 3
11 QOO 7NN T17 f+0C> " Temporary storage.
.12 10078K . M W7 of weights
I3 NNOTO0 718 TU 583.1
L NNOTOO fU 83.1
00003 Key
: 2006Kh word
17.15 NNOT12 - oKk fU 91.1
.16 NNOT12 £U 91.1
600005 Key
2006NL : word _
26.1 0007069 ONL f + Wo Print for ‘camera
.2 SNO2FJ P TBMR orientation input
800003 Key
200783 word .
050005 Control vord - Print
1007R8 783 wa &, b, + .1, + .1
' : - weights
800003 " Key '
200789 word o '
060006 769 Wb Contreol word to
1007FO ' -print for camera
: ' orientation
800001
- QQOLL1

51



SEQUENCE  CODE 'ADDRESS  ORDER. _ INDEX DESCRIPTION
—  KPOKeK - 190 Bl N Field words for Tormat
: 2KO2K2 . : ' of 10 diglt floating'
“J2OF(N . (81 - B2 decimal numbers
000000 N (810 - 82)
050009 82 W1 Unused
. 10078L . .
050004 - /03 W2 Read &, b, + .1, + .1
.1007TN8 . : -
050005 - ok W3 " Control word for input
P -1007F0; : and output :
. - 050005 78 Wi Uniised
. ~ 100TFO __ o , :
' C20020 {6 B3 Fleld words for format
280282 of -8 digit floating
- SROF(N . . (07 BL4 bipnary numbers
_ 000000 ' - Ny (88-- 52)
5 iis's] W5 Available
k .
i 19 Wo Available
"TOK Wi " Temporary storage

for welghting factor



VI. CONSTANTS

The fbllowing floatiﬁg decimel consteants with 22 decimal digits
were converted to sexadecimal form for inmput with the program in order
t0 malntaln meximum accuraqy,‘especially in copvefting degrees, minutes,

and seconds to radians:

311 5926 5358 9795 2384 €0 + 01 =« .
.6000 0000 - 0000 0000 0000 00 + 02 constent
.2000 . 0000 0000 Q000 0000 0O + Ol constant

+ .1000 0000 0000 . 0000 0000 ‘00 - 16 constent

+.174% 3292 5199 4329 57169 00 - 01 radiane = 1°

+ .2008 B8B20 8665 T215 9615 00 - 03 radians = 1f

+ 4848 1368 1109 5359 9359 00 - 05 radians = 1"

+ 1000 0000 0000 0000 0000 00 + 01 constant -

+ .5000 0000 0000 0000 0000 00 - 06 iterative conetant
.+ + '
.

+

bz



VII. DATA
A+ “FORMAT | | ” N
_ ~ The data cards are punched using standard floating decimal
form (88- S2) - [coefficient (sign and 8 digits) with exponent (sign
and 2 digitsi] or (S510-82) - [?oefficient (sign and 10 digits) with{
exponent (sign and 2 digitsﬂ . The sign is in a separate column

using "0“ punch or no punch for plus and "X" for minus.
B. INPUT AND OUTPUT

The data input has 10 (810-52) declmal digits while the
output may either be with 8 (S8-52) or 10 (s10- S2) decimal digits.
'fhe input cards.contain five 10-diglt floating declmal numbers. Card
No. 1 contains information designating form ‘of output and signal for

direct or lnverse transformation.

The option card placed before ftransfer to program"‘card is’
used to print six (S8-52) numbers.which'include information such as =~
weight, point type, and point number, in addition to the loeal
Cartesian'coordinates. This form of output is prepared-for‘use with

the photogrammetrlic camera orientation program.

Card No. 1:
a b .01 4.1 weignt
'S ' ‘
1 only used 1n option
- |&—+ = output SlO - 82
& - = output SB - 82’

e-—-+ From geodetic ellipsoidal coordinates to local
Cartesian coordinates '

&— -~ From local Cartesian’ coordinates to geodetic
- ellipsoidal coordinates .

See sample input for remainder of cards.

If a minus angle is used minus must be punched with all three values,

il.e. degrees, minutes, and seconds.

L5



Eéliow each cage by a.card with. ~.1 punches in columns 57 and 58,

As many cases a5 desired may be run by stdcking'oqe after the oﬁher;

For output see samples.

A. ROEERTA WOOTEN - .

hé.



VIII. SAMPLES

b7



g

Anll

24

~ INPUR (S10-82):

a
)

.H-

L= Y
K 0

—
FNTR P
S

o]

rl

4

e 6378206400 -

« 3000000000
« 6000000000
+1100000000
¢«3000000000
+3300000000
«1120000000
+3300000000

»1120000000
+3300000000

41120000000

" +3300000000

¢1110000000
«3300000000
«1110000000
3300000000
+1120000000

e

ouTPUT (S8 -82):

i

T 63782064

73926119

~e19331433
-,18350873
-.17780251°
-+18653961

07
06

dsf

05

05,

05

07 b.6356583800
ozg 200
02 s 00
022 400
02° ,o00
02° ,1500000000
03°% ,2000000000
02° ',2900000000
03° ,2000000000
02° ,2900000000
039 - ,0000000000
02° ,2900000000
039 - ,55600000000
02© ,2900000000
039 ,5800000000
02° ,2800000000
03° ,3000000000
: »
" b 463565838
Y ,52880168
L ]
¥, +80909770.
. T «58307076
o 46251237
434769590
+«87096000

05

07

oot -

oot
oo
oo
o2
o1’

o2
ol

07

07

04
04
04
04
04

02
oo

o2t

o2
o2
o2
o2
on

ra

S
.z, 417258366

Z

-Q

DIRECT TRANSFORMATION

«1000000000
200
« 00
« 00
.00
« 00
«3000000000
¢ 4090500000
+5300600000
4231700000
e 4722400000
« 4044500000

L

- o

24135600000

3708100000
¢392920008%0
4854400000
«5177300000

+10000000
¢34769959

1,19373897.
'«20430183
+21394716
015242694

02

00

07

05

05
05

0 =-.l
00" .
00"
00" .
00“ .
00"H 400
02"HJ 400
02"H, 43457050000
02"H; 43457050000
02" "+ 3601830000
02" | +3601830000
02" | «3682910000
02" | +3682910000
023 | «3781970000
02, | 3781970000 -
3352810000
02" ¥ 43352810000
[ ]
- 410000000
B ,00000000
B, 34570500
36018300
«36829100
«37819700
«33528100

05

wt. 1000000000

5 .
00 1d4..888

105'_

050090000'

01"

01
01

01

20

01:.

ol |

01, -

01
01

.01

01

01.-

01

00 1d.+888 o
03pt#«1000000000
03pt#He 1000000000 .
03 +2000000000
03 «2000000000-
03 +3000000000
03 +3000000000
03 |44000000000"
03 « 4000000000
03 + 5000000000
03 ¥ «5000000000
=.1 o
00" Y o
.00 1d4..,88800000
. . . A .'
‘03 pt # 410000000
03 . ¢ 20000000
03 ¢ 30000000
03 +40000000
03

01
01.

’



61

3.' Ul (810-82):

~
?‘7&?‘0'&?"\4 TR

6

S

«6378206400
+30000000C0
6000000000

. «1100000000

3000000000
3300000000
1120000000
3300000000
+1120000000
3300000000
1120000000

" +330000000C

«1110000000
« 3300000000
1110000000

- «3300000000.
-+1120000000

a.
X
o

x—

k. OUTPUT (510-82):

«6378206400 |

7392611900

o .
01933143294
«1835087267
«1778025115
«1720635834
«1865396068

02°.
02°
02°
02°
02°
03°
02°
03°
029
03°

02°

03°
02°
03°
02°
03°.

. 07_ b+6356583800

+ 00
«00
« 00

. 00

+1500000000

" 2000000000

+2900000000

* 42000000000

+2900000000

0000000000

+2900000000
+«5900000000
+2900000000
5800000000
+ 2800000000

«3000000000°

+ 6356583800

+ 5288016840 -

[ ]
L +B8090977021

05
05
05

5830707593
¢4625123712
¢3476958963
+8709600040

07

00*

oo
00t

00
a2t

017

oz

01t
g2r

02"

02!
ge2r
g2'
g2
o1°

07 .

07

04
04

04
04

04

DIRECT TRANSFORMATION

S

«1000000000
00
« 00
«00
000
« 00
+ 3000000000

24090500000

«5300600000
«4231700000
«472240000C

- «4044500000

4135600000
«3708100000
3929200000
« 4854400000
5177300000

Z
°

Z,

J_

«1000000000

«3476995877 -

41725836610
.1937389728 -

+2043018349
¢2139471566

1524269400

00 el

oot ..

oo" .

0 0" A

0 0" . A '
oo" H .00 .

oz2" g5,00 - o
02" g% 3457050000
02" F%3457050000
02" £,3601830000
02" |.3601830000
o2" 1.3682910000
02" |.3682910000..
027 {43781970000
02" |43781970000
_o2m 1.3352310000-

02" ¥,33528100C0

00
o7 HO.OOOQOOOOOO
. .
05 31.3457050000
05 «3601830000
05 ‘43682910000
05 3781970000
05

.3;52&10000

«1000000000

..
.
[-]
. ] ’
0 i4a.888
00 1d.888
03 pt#«1000000000
03 pt#e1000000000
03 +2000000000
03 «2000000000
03 «3000020000
03 «300000000C
03 « 4000000000
03 « 4000000000
03 J-.?OOOOOOOOO
03 «+ .5C00000000Q
Co -1 ) o
00 ‘. -
0 14..8880000000
o ]
-03pt#.1000000000
C3 | «2000000000
03 «3000000000
03 « 4000000000
03, «5000000000

01
01

01

ol
01
01
01
01
01
ol

00

01l
ol
01
01
ol



.§g 

C
—— KMPIRDR
H O~

INPUT (510-52):

« 6378206400
«3000000000
«6000000000
«1100000000

«3000000000C

«7392811900

01933143282

1835087258
«1778025108

~¢1720635832
-+1865396065

'_.0

OUTPUT (58~82):

N N
oo .

(TS

«63782084 . -
»33000000
»11200000

«33000000
«11200000
«33000000
+11200000
+33000000
+11100000
+33000000
+11100000
+33000000
.11200000
.33000000

.«11200000

- INVERSE TRANSFORMATION

07 b «6356583800

02°
02°
02°
02°
06
05
05
.05
05
05

«00
« 00
« 00
« 00

X « 5288016840
¥%. 8090977022

L, 5830707560
e 4625123591

" |e3476958981

b

¢« B709600028

« 63565838
+14000000

" 420000000

«29000000
« 20000000
¢ 29000000
. 00050000
029000000
¢ 59000000
¢29000000
« 58000000

" « 28000000

¢« 30000000
+14000000

" «20000000 .

07
oo
oo
00" .
- oo

-+1000000000

«00
00
000 :
00

07 .7 3476995877
.04 2241725836606

04
04
04
04 *

o7
021
0l

D2t
o1+
oz
oo

g2t

021
02!
cav
o2t
0l
021
ol

«1937389724

22139471564

lo2043018345

«1524269402

-+10000000
+59999993
299949999
» 40904989
+53005999
$42316990
47223998
040444990 -
¢41355999
«37080992
¢39292000
¢e48543993
651772998
¢59999993
+29999999
L]

'02"
o2" L 4

.

-~

00"
ao"
oot .
OOII
07
05
05
05 .
05
05

co .
na2v [

o Q
v H

oz" 5

0 2“ i

02“
o
oM
02n
0 2“
o2n
02"
il

(0] s

.1000000000

«10000000
e 24955677
0249558617
e34570503
e 34570503
¢36018299
«36018299
«36829099
«36829099
¢37819699
«37819699
0335280997
«33528099
e 24955677

00

-04
-04_

03
03
03
03

03

03

03
03
03

-C4

00

001id.
P} #

9999

.1000000000
2000000000
« 3000000000
« 4000000000

5000000000

. "+6000000000
RS T '

.03 -

+24955677 -0&4-

e

1d4.+99990000

1d.» 99590000

ptit « 10000000

«10000000

30000000
« 40000000

«50000000
«50000000

«20000000
«20000000

430000000 -
+ 40000000

|7 +60000000
V¥ 460000000

o1

01

01

01

01

‘01



16

INPUT (slo-sg):

¢ FBHRE:% HRE

o6378206400

3000000060
26000000000
©+1100000000

.3000000000 .

07392611900
~91933143282
~+1835087258
~-+1778025108
~91720635832

~21865396065

0

QUTPUT (510-52):

L =N
[oJs)

L=
B o

 «6378206400

+3300000000

+1120000000

.«3300000000
«1120000000"
* «3300000000

«1120000000
+3300000000
«1110000000

+3300000000
«1110000000

+«3300000000
«1120000000
«3300000000
«1120000000

07 b ,6356583800

oz° »00

02 « 00

02 « 00

02 : 000 .

06 ¥,45288016840

05 y1.8090977022

os «5830707560

05 [.4625123691

05 |e3476958981.

05  1.8709600028
.

07 b 6356583800
020 41400000000
¢3° 42000000000

. .
022 42900000000
03°  ,2000000000

02X 42900000000
02° ,0000000000
02 42900000000
03° ,5900000000
022 ~ ,2900000000
03° ,5800000000
0X ,2800000000
03° 3000000000
02 ,1400000000
03°

+2000000000

INVERSE TRANSFORMATTON -

07 -.1000000000
00' 00 ..
00! ' 400
00" « 00
" 00! ‘400
07 Z°.34;6995877
04 Z. «1725836606
04 «1937389724 -
04 |42043018345
04 2139471564 .
04, Vel524269402
07 =~.1000000000
c2 5999999283
0lt  +2999999903
. . _
02 «4090498921
01'  «5300599874
07 24231698973
001 4722399807 .
02t 4044499016
02t  «4135599857
021 «3708099213
021 3929199992
02¢ 4854399250
01t 5177299793
021 5999999283
01t

+2999999903

00

- 41000000000 -

.1000000000

00

. . .
9999

pt#F «1000000000

T «2000000000

. «3000000000

« 4000000090

" 5000000000

" 26000000000

~el

00 &

02"H=42495567664 =04 1a+9999000000
oz"H° 2495567664 =04 1d4999900000¢C

02", 3457050293
oz“ni 3457050293
om |1 .,3601829899
o| .3601829899
02" .3682909896
o2"| .3682909896
02"| 3781969866
02" .3781969866
02" .3352809909
02" " .3352809909
02"| 02495567664 =04 |
02

/— 2495567654 =04 W

03pt&q1000000000
03 | +1000000000
03 | .2000000000
03 | +2000000000

03 ¢ 3000000000
03 | «3000000000

03 +4000000000
0¥ ¢ 4000000000
03 «5000000000

€3 | 45000000000 -

6000000000
«6000000000

01
o1
01
01
01
01" -

00 -

00

01

01.

01
01
01
01
01
01
01
01
01
01



26.

INPUT (S10-82):

56378206400
3000000000
« 6000000000
»1100000000
3000000000
3300000000
«1120000000
+3300000000
1120000000
»3300000000
1120000000
+ 3300000000
+111003000¢C
+ 3300000000
.1110000000
.33000000C0

.1120000000

QUTTUT {88-582):

c.l.
a
o
p
y
()
o
Q
gy
M
2,
a
X
Q

|

63782064

e 73926119

-+19331433
-e18350873
—e17780251
-e17206358
-+18653961

o7

o6

05,

05

05

05

DIRECT TRANSFORMATION

{Cption For the Photogrammetric Camera Orientatioﬁ Program Input)

07
07

04
.04

04

04

07  be6356583800
02 #00
02 +00.
02 - 400
02, 400
02 41500000000
035 '+2000000000
02, 2900000000
D3~ ,2000000000
£2° ,2900000000
03° L0000000000
029" ,2930000000
233°  ,5900000000
$29% 2900000000
03°% 5800000000
02° ,2800000000
33°  ,3000000000 -
L ]
b +63565838
Y 252880168
.80909770
1,58307076
S46251237
034769590
- «87096000

04

o7
00 ¢
Qo
00!
oot
02!
o1’
02!
01
o2
dot
O
o2
02”

o2
glr

Z,

|

«10000000Q0
+J0
20
«00
«00
« 20
«3000000000

+4090500000.
« 5300600000

+4231700000
« 4722400000

4044500000

«4135600000
«3708160000
3929200000

- +4854400000

«5177300000

10000000

¢34769959
.

+17258366

i,19373897

+20430183
«21394716:-
015242694

00

G7

05

0s

05.

‘.. ¥t.,1000000000

00 -.1
oo,
oot .
oo .
00" - » :
O0"H_ .00
O2*H 00
o?ME° 43457050000
0?31.3457050000
02", 43601830000
“p2n | 43601830000
02" | 43682910000
02" ] +3682910000
02" | 43781970000
-o2" | ,3781970000
02" | +3352810000
pan § ,3352810000
+10000000
wt.s 10000000
wtu10000000
+ 10000000
+.10000000
« 10000000

05 .

«1000000G

00  .888
00  «888.
_nspt;.looooooooo
03Pt#e 1000000000
03 | «2000000000
03 | +2000000000
03 | +30000000C0
03 | 43000000000
03 | 44000000000
03 | +4000000000
03 | +5000000020
03 ¥ 45000000000
: ~al .
00 wt410000000
2Cptype 10000000
20Pt type« 10000000 .
29 +10000000
20 l »10000000
20 + 10000000
20 +10000000

20

20
00

00pt#
.00

00
Q0
oo

L]
«10000000
+20000000

" «30000000

« 40000000

«50000G00

0l

01
0l |

ol

01



¢

D.1. - INPUT (810-82) for (1) = 2 , @ = 90

DIRECT TRANSFORMATION

= ¢, and y = 0;

& +6378206400
a 5700000000
B 2000000000

7 «CO

(>).1060000000
f,+3200000000
A .106G000000
#,.3200000000
}4+1060000060

07 b-46356583800

020 ,3500000000
022 ,1500000000
oog .00

03% ,2200000000

02° ,240000000¢

3% ,2200000000
02° ,2500000000
03° ,2300000000

2, " _OUTPUT (810 - 52):

a  ,637820640C -
X, 45390512391

»
xi—.173569oo94

07 b 46356583800

.07 xo.Qooooooooo

0t y 41454378543 .

04 2

07 1000000000
021 45843200000

02  +300C000000
00" .00

02' 438790000090
02' 41568030000
02'  L3B790060000
02' 410786600000
o2t +8003000000

07 «1000000000
00 Z0.3391825164

.
1¢11230?6752

00 41000000000

02’ M
0" . .
Ooll .
0 2“ .

01" B .0020000000
02" g°.0000000000
02" 5°,1123480000

01" E; 41123480000

00 41000000000

‘07 0000000000

04 0000000000

00

.

00id..11110

0014d. .11110

04pt +1000000000

04pt « 1000000000
"01 .

00 . :

00 1d «111100C00

00 Pt «1000000000

0l
ol

00

0l



#<

Eoli

a
@
B-
y
)
X
x°-,1735690094

1

INPUT (S10 - S2):

6378206400

~¢DTC0C00G00

«200602000C0

200

1060000020
5390512301

07, b .63565838C0

oq, » 3500000000
02, o 1500000000
00 .Ow *
o® -.2200000000'

07 Y;.0000000G00
04 y1.1454378543

QUTPUT (S10 ~ 82):
6378206450 07 b ,6356583800
«3200000000 - O « 2400000000
.10600000GC 0 .2200000000
.3200000000 032‘; 2500000000
0

10600002000

«2300000000

o7

gc2v -
02' -
5 Ool.
02"

00
04

07

G2v

o2

n2v
p2r

D“EESE!HUU%WQMMHiQN

~-¢1000000C0CD
«5843200000
+3000 000000
00

.3879000"0“
Z +3397825164

:”123076752

,
~+1000000000
1568001691
3879000000

.1076600171

08002999990.

00

" +100000000¢
02" . ' :
02" .,
o0 . .
02w o, . e
07" H_»0000000000
04 EJ+112348000¢€
G0 . +1000000000

.4321784430

0?31.1123479568

ﬂ31.1123479568

-CITI‘-4321784430 ~031d 1111000000
02'EP

00 .
...
L]
SR o _
00 14 +1111002000 00.
04 Pt.+1000000090 ' 01
.1 -
00 .

00
~931d ,1111000000 4¢
04Pt .100000000¢ 01

D4pt

+1000000000 Ol



No. of

Cogies

10

10

DISTRIBUTION LIST -

Organiiation
Chief of Ofdnance
ATTN: ORDTB-Bal Sec¢

Department of the Army
Washington 25, D. C.

Commanding Officer
Diamond Ordnance Fuze
Laboratories ;
ATTN: Technical Information
Office, Branch 012
. Mr. Francis E. Washer
Washington 25, D. C. '

Commander

Armed Services Technical
Information Agency

ATTN: TIPCR -

Arlington Hall Station

Arlington 12, Virginia

Office of Technical Services
Department.of Conmerce
Washington 25,.D., C.

Commander

British Army Staff
British Defence Staff (W)
ATTR: Reports Officer

3100 Massachusetts Avenue, ¥ W._'
+*. Weshington 8, D. C. - a

- Of . Interest to:

_ Prof. E., H, Thompson
University College
" London, W, C. 1
- England

Defence Research Member.
Canadian Joint Staff

2450 Massachusetts Avenue, N.W.

Washington 8, D. C.
Of Interest to:

Nationel Research Council of

Canada
ATTN: Mr. T. J. Blachut
. Mr. G. H. Schut
Ottawa 2, Ontario

No. of

: Cogies
3

ATTN:

‘ Organizatlon

Chief ‘Bureau of Naval Weap0ns
DIS-33 '
Department of the Navy

hJWashington 25, D. C.

Commander

" Naval Ordnance Laboratory

White Osk, Silver Spring 19,
Maryland

Commander'
U.5. Naval Ordnance Test Station

‘China Lake, California

Commander C
U.5. Naval Weapons Laboratory

-ATTN: Dr, W, A, Kemper

Dahlgren, Virginia

Cormanding Officer

U.S5. Navel Photogrephlc
Interpretation Center

4301 Suitland Road

Suitland, Marylend -

Hydrograpner
U.S. Naval Hydrographic Office

. Washington 25, D C.

- Commander .

U.S5. Naval Missile Cénter
ATTN: Mr, John A, [Llement
Point Mugu, California

Superintendent
U.5. Naval Observatory

* © ATTN: Dr. William Markowitz

55

34th and Massachusetts Avenue, N.W.
Washington 25, D, C,

Director " .

Alr University Library

ATTN: AUL (3T-AUL-60-118).
Maxwell Alr Force Base, Alabams



No. of

Coples -

DISTRIBUTION LIST

"No. of

Organization - Coples

.Commander , o : 1

Air Proving Ground Center

ATTN: PGTRI -

PGEES-Mr. W. A. Brown
(2 eys) o

Eglin Air FOrce Base, Florida

'Commander
_Air Porce Missile Test Center

~ (APMP Tech Lib. MU-135) .
Patrick Air Force Base, Florida

Commender
Alr Porce Cambridge Research
Center, ARDC =
ATTN: Geophysics Research
Directorate -
L. G. Hanscom Field
Bedford, Massachusetts -

Commander '

Rome Air Development Center
ATTIN: Library

Griffiss Alr Force Base
Rome, New York

Comnander

Wright Air Development Division

ATTN: Aeronauticel Research
Leboratory .

Wright-Patterson Air Force Bese,

Chio . _ '& :

Commender

‘Holloman Air Development Center, -

SEB, FLL
Holloman Alr Force Base,
New Mexico

Commanding Officer 5 .

Aitr Porce Aeronautical Chart ' 1
Service

ATTN: Division of Photogrammetry

Washington, D. C.

%6

"~ ATTN:

Organization

: Commander

Aéronautical Chart and’
Information Center
Air, Photographic and Charting
Service (MATS)
ATTN: Chief Photogr&mmetry
Research Branch '
Mr. Edwin Roth
Second & Arsenal Streets.
St. Louis 18, Missouri

Commanding General -

Army Rocket and Guided Missile
Agency .

Dr. Ernst. Stuhlinger :

Dr. Hellmut Holzer

Dr. Bruns

Redstone Arsenal, Alabame

Commanding General

.. White Sends Missile Range
- ATTN:

ORDBS-TS-TIB
Mr. Ted Durrenberger
New Mexico

Commanding General

U.S. Army Signal Engineeering
Leboreatories ,

ATTH: Tech Document Center

~ Fort Monmouth, New Jersey

Commanding General
Englneering Resésrch & Development
Laboratories
ATTN: Mr. William,C.,Cude
' Mr. D. Esten
“iv Mr. Jobn T, Pennington
Mr. Matos

' Fort Belveir, Virginia

Commanding Officer
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